A clinical form of sepsis induced by cecal ligation and puncture (CLP) was caused in order to monitor the concentration of enzymes
INTRoDUCTIoN
Sepsis, as a result of acute infectious processes in the blood, could often be a cause of a series of pathophysiological disorders, which consequently lead to a continuous damage of vital organs (liver, lungs, kidneys, brain) (goodman et al., 2003; bagshaw et al., 2007; albert et al., 2003) . Namely sepsis could be caused by a range of gram positive and gram negative a bacteria , viruses, rickettsie and pathogenic fungi. The order of bacteria that most commonly cause sepsis changes from decade to decade. for instance, streptococcal sepsis was the most present sepsis of the preantibiotic era, but nowadays leading causes of sepsis are staphylococci and gram -negative bacteria, particularly multi-resistant hospital strains (Cohen, 2002) . based on the results of previous clinical and experimental research, it is believed that the pathogenic mechanisms of sepsis are primarily contained in the complex process of cellular activation, which results with the release of proinflammatory mediators such as cytokines, activation of neutrophils, monocytes and microvascular endothelial cells, and includes the neuroendocrine reflex followed by activation of complement, coagulation and fibrinolysis (Abraham and Singer, 2007) . additionally, there is still growing interest in studying sepsis caused by surgical intervention, individuals in intensive care units, sepsis after intravenous or urinary catheterization, fatal injuries, transplantation and stress (vincent and abraham, 2006) . In fact, many pathogenic aspects of sepsis are yet to be understood (lever and mackenzie, 2007), its diagnosis and prognosis remain uncertain and high percentage of mortality continues to be recorded in the intensive care units (afessa et al., 2001; angus et al., 2001; Sakr Y, 2012 Sakr Y, , vincent et al., 2006 .
Taking into account the fact that sepsis in humans requires obligatory medical treatment which leads to changes in the pathophysiological processes of patients, it is clear that the information about the systematic inflammatory response is contained within the animal models of sepsis. Similarly, the development of new approaches in solving and treating sepsis requires the use of quantitative and qualitative studies on sepsis animal models (Cohen et al., 2011) . Namely, numerous sepsis models present laboratory findings and perceived signs and symptoms of sepsis in humans, but they are rarely fully equivalent to the clinically manifested sepsis. Some of these models develop sepsis instantly, thus developing sepsis into septic shock, some stop at the level of bacteremia, and some are difficult to reproduce, Hence additional laboratory standardization needs to be addressed (Fink, 1990) . Peritonitis models are the first realistic and relevant models, adequate to clinically manifested sepsis. They exhibit the development and features of the experimental model with the characteristics of chronic peritoneal sepsis (Dejager et al., 2011 experiments were performed on male Wistar rats, average body mass 215 ± 25 g. The rats were divided into four groups, three of which included 28 animals and one control group of 20 animals. Three groups of rats were subjected to the surgical procedure of opening the abdomen and a ligation of the cecum (1/3 below the ileocecal valve), with the exception the, control group (K) where the ligation was not performed. Thus, the last group of 20 control animals underwent only an abdominal incision (a sham operation). In one group of rats (mK), sepsis was induced by the content of the ligated and punctured cecum (mixed culture of microorganisms). The employed technique is by Wichterman et al. (1980) with slight modifications. In the remaining two groups of rats, sepsis was induced by inoculation of pure cultures of Escherichia coli (eC) and Staphylococcus aureus (Sa) to the previously emptied, ligated and washed cecum (Stojanovic et al., 2002) . Surgical intervention was performed on rats anesthetized with thiopental barbital, i.p., 50 mg/kg.
In order to determine the concentration of the enzymes (alanine aminotransferase -alT, aspartate aminotransferase -aST, lactate dehydrogenase -LDH, amylase and creatine kinase -CK), the animals were sacrificed in time intervals of 12, 24 , 72 and 120 hours and blood was sampled by puncture of the abdominal aorta. Concentrations of these enzymes have been measured automatically by the biochemical analyzer -SmaC (Sequential multiple analysis plus Computer).
Descriptive data were expressed as the mean ± standard deviation (SD). Statistical analysis was performed using a statistical software program (Statistic 5.0 for Windows). groups were compared by Student's t-test and two-way analysis of variance. Differences were considered statistically significant at p<0.05
ReSUlTS
During the experimental protocol, we identified significant changes of all monitored enzymes in the serum of infected rats. More specifically, the concentration of ALT showed an increase in the first half of the experimental protocol (at intervals of 12 and 24 hours) in comparison to the controls (sham surgery), and a statistically significant increase for all three tested groups (EC, SA, MK) at time intervals or 12 hours (figure 1). Conversely, in terms of late sepsis (72 and 120 hours), almost all groups saw a decrease in the concentration of alT, which gained statistical significance in the EC and the MC group after 72 hours ( Figure 1 figure 1 also illustrates the change in the concentration of aST in the serum of tested rats, revealing that a decrease in this enzyme concentration could be observed at almost all time points compared to the controls, with the exception of MC group after 12 hours where a significant increase has been noted. Statistically significant reduction in the serum level of AST was recorded in the SA Group after 24 and 72 hours and in the eC group after 120 hours.
The concentration of lDH (figure 2) in infected rats was more or less above the one found in control group for all observed periods and statistically significant in the case of mC group (after 12 hours), eC and Sa group (after 24 hours). Significant reduction of LDH level was found in MC group 24 hours after the beginning of the experiment.
a decrease of amylase concentration in rats with sepsis has been seen in the first half of the experiment (after 12 and 24 hours) and reached statistical significance in the EC group (after 12 hours) and MC group (after 24 hours). In the second half of the experiment (after 72 and 120 hours), amylase concentration in septic rats was above the level found in the control group , except in Sa and mC group after 72 hours ( figure 3) .
In our experiments, there was no significant change in the levels of CK within the control group ( figure 4 ). Yet, in septic rats through all observed periods significantly lower levels of CK have been recorded (except in the MC group after 12 and 24 hours and eC after 24th hour) . Stojanovic et al., 2012) . This is contributed by numerous studies of inhibitors in sepsis, which certainly complement the diagnosis and prognosis and facilitates the treatment under the clinical conditions (Rivers et al., 2005) . furthermore, a recent research suggests that pathogenic events during sepsis depend primarily on the level of catabolic mediators. The outcome of released mediators may be dual -they can be inactivated, but they can also preserve its activity towards endothelial cells, thus creating conditions for hypotension and septic shock (marshall, 2001; Webb, 2002) . Central role in this process (Cavaillon et al.,2003 ) is attributed to the tumor necrosis factor (TNf) and interleukin-1 (Il-1). These substances regulate the proinflammatory protective immune response to infection and host defense activation of neutrophils, macrophages and lymphocytes, amplify gene expression and release of acute phase proteins and granulocyte colony stimulating factor (GCSF), induce anti-inflammatory cytokines IL-4, IL-6, IL-10, IL-1ra and lower the level of , which can possibly be explained by a lower concentration of enzymes tested in our experiments. Namely, in the investigated time intervals for late sepsis in the presented study (72, 120h), we found low plasma levels of alT, aST, lDH and CK ( figure 1 and figure 2) . Conversely, in the examined periods of 12 and 24h, the levels of alT, aST and lDH ( figure 1 and figure 2 ) in infected rat serum were generally above the level of controls. finally, values of amylase (fIgure 3) and CK (figure 4) concentrations varied depending on the tested model. In a similar experiment, Holly et al. (2006) detected an increase in the concentrations of alT, aST and alkaline phosphatase 24 h hours after the Clp procedure, while levels of alT and aST reached even higher values in the population of rats with acute renal insufficiency (ARI). In accordance to our findings, 24 hours after the start of the experiment CK level decreased, LDH level increased with significantly higher amylase concentration in rats with aRI. moreover, cytokine Il-6 and Il-10 were significantly higher in rats with AFI, and tumor necrosis factor (TNF-α) levels at 8 and 24 hours were not detectable. at the same time points Holly et al., also found an increase in nitrite concentration, suggesting that nitric oxide (No) may be involved in the pathophysiology of sepsis. Hepatic injuries were detected in the periods of 8 to 24 hours and kidney injuries only at the later time point. both findings were confirmed by pathohistological examination. The observed changes were attributed to the induction of pro-and anti -inflammatory cytokines, which could be documented in previous sepsis related studies. Rodrigues et al. (2012) 24 hours after the Clp procedure, recorded a significant increase in ALT, AST, LDH, but also a comparable increment in creatinine, lactate, IL-1β, IL-2, IL-6, IL-10, interferon gamma (INF-γ), and TNF-α in the rats' serum. based on their research, the authors suggested that CeRa (continuous erythropoietin receptor activator) might have an important role as a protective factor in multiple organ dysfunctions, which can be ascribed to the inhibition of inflammatory responses. Namely, CERA decreases the nuclear factor kappa (NFkappa b) expression via the toll-like receptor 4 (TlR4) pathways thereby inhibiting macrophage infiltration into the renal interstitium and decreasing systemic production of inflammatory cytokines. Gao et al. (2012) have noted a significant increase of aST, alT, lDH, CK and creatinine serum level 12 hours from the Clp procedure in rats. Additionally, their study observed significantly higher values of cytokines TNF-α, IL-1β, IL-6, monocyte, chemoattractant protein-1 (MCP -1) and high-mobility group box protein 1 (Hmgb1) for septic rats when compared to sham operated ones. based on correlation analysis of measured parameters, it was concluded that body temperature (T), blood urea nitrogen (bUN), creatinine, alT, CK, Il-6 and mCp-1 levels after the Clp were negatively correlated with survival, while platelet count (plT), Hmgb1 and granulocyte-macrophage colony stimulating factor (gmCCf) were positively correlated with the survival outcome. The authors point out that the combination of different biomarkers improves accuracy of diagnosis in clinical trials, and this appears more effective in predicting survival in septic rats. for use in diagnostic procedures, the authors favor the combination comprising: bUN, creatinine, Il-6 and gmCSf. Siddiqui et al. (2006) , based on the monitored parameters (alT, aST, lactate, albumin, and TNF-α), demonstrated the involvement of TNF -α in the pathogenesis of Clp induced sepsis in rats, but also proved a potential impact of a pharmacologically active substance -cuecumin. The intravenous application of cuecumin attenuated tissue injury, reduced mortality and decreased the expression of TNf -alpha in septic animals. furthermore, the proposed protective effect of the active substance was detected in vitro in cultured macrophage cell line RaW 264. 7 . In a study that tested a protective effect of androstenediol, Szalay et al. (2006) , investigated the levels of cytokines (Il-6 and Il-10), the activity of myeloperoxidase (mpo), neutrophil chemotactic factor (CINC-3) and liver injury (alT and lDH), 5 hours after the Clp procedure. These authors suggested that within the Clp procedure which is associated with hemorrhage and trauma (HT), a significant increase of IL-6 and IL-10 concentrations, neutrophilic activation in the lungs and heart, and subsequent liver damage. also, in addition to the increased production of proinflammatory mediators and reduced perfusion of organs, it plays an important role in the development of moDS (multiple organ dysfunction bodies). Cohen et al. (2011) have recorded a significant increase in alT, lDH, Il-6 levels 24 hours after the Clp procedures and proved that s.c. and i.v. applications of gelsolin (actin-binding protein) have a protective effect by reducing the concentrations of these enzymes and cytokines. Yoshikawa et al. (2012) demonstrated that treatment with a high-dose of human immunoglobulin (1.500 mg/kg) significantly improves the survival of rats in the Clp model. also, after the administration of high doses of immunoglobulin and 4 hours after the CLP procedures significantly lower values of albumin, AST, alT, lDH, creatinine, bUN and Hmgb1 were observed in the blood of tested rats.
In their studies Chian et al. (2013) support the hypothesis that changes in biochemical and hematological parameters during early sepsis have an impact on tissue perfusion and organ damage in late sepsis. Specifically, based on the monitored parameters (primarily lDH, bUN and total protein), 18 hours after the CLP procedure, the authors proved that the pretreatment of rats with 25% albumin (3 hours before CLP procedure) significantly reduces macro and microhemodynamic changes and attenuates intestine and lung injuries in peritonitis induced sepsis. Involvement of lactic acidosis in sepsis was confirmed in earlier experiments of Deshpande et al., (2000) . on the basis of these experiments authors conclude that heat stress ameliorates lactic acidemia, improves oxygen delivery or prevents cellular dysfunction, possibly by preserving the organ perfusion, in a rat model of sepsis. In their investigations Coelho et al. (2013) recorded a significant increase in the concentration of CK in homogenates of soleus and plantar muscles 120 h after Clp, and increased the activity of superoxide dismutase (SoD). based on the measured parameters of oxidative stress, the authors concluded that aerobic physical pretreatment of septic rats prevents atrophy, lipid peroxidation and protein oxidation, and significantly improves the SOD activity in skeletal muscle.
In conclusion, our study recorded a significant change in the concentration of all tested enzymes, depending on the applied sepsis model. The values obtained in the period of early sepsis, viewed from the perspective of other authors, might refer to the importance of proinflammatory cytokines in sepsis. However, the obtained values of the enzyme in the period of late sepsis certainly complements the remaining issues surrounding the enigma of sepsis pathogenesis. However, the obtained values of the studied enzymes in different Clp sepsis models open the possibility for investigations of the potential activity of a number of pharmacologically active substances. 
